The herein presented study explores socio-technical complexities that may occur when introducing preventive health-measurement technologies in older adults' daily routines and everyday lives. Using mainly blood pressure measurements in private homes, the study applied qualitative and quantitative methods to understand existing challenges and uncover opportunities of self-monitoring technologies to support preventive healthcare activities among older adults. Emerging challenges from our study were: rule complexity for self-measuring, reliability of measurements, interpretation, understanding and health awareness, the sharing activity for prevention, motivational sources, the role of the doctor for prevention, older adult's use of technology, the home as a distributed information space, and visualization of health data. An awareness of these challenges can help designers to develop better tools to support people's preventive self-monitoring needs compared with existing solutions. Furthermore, supporting the active and informed citizen can improve older adult's care abilities, awareness and activation towards preventive care.
INTRODUCTION
The Danish social welfare state provides equal access to health care services for everyone. However, demographic changes challenge the Danish healthcare system as the population gets older and consequently age-related illnesses and chronic diseases follow. One example of an increasing age-related illnesses among older adults is high blood pressure (BP) [37] . For a general adult, high BP or hypertension is defined as a condition in which the systolic blood pressure (SBP -blood pressure when the heart is beating) is equal to, or greater than, 140mmHg and/or a diastolic blood pressure (DBP -blood pressure when the heart is relaxed) is equal to, or greater than, 90 mmHg [29] . In Denmark, high BP is placed in the top five list of health risk factors [16] and according to the World Health Organization (WHO), high BP increases the risk of heart diseases and stroke [37] . WHO also defines high BP as one of the most prominent health risk factors in developed countries (among others such as obesity, high cholesterol, and tobacco consumption) [37] . In Denmark, 16% of the men and 19% of the women have severe hypertension, and high BP has reduced the life expectancy of Danes by 9 to 6 months (numbers from 2007) [16] . To address challenges related to an increasing older population, such as high BP, there is a neoliberalistic idealism to motivate Danish citizens to take responsibility of their own lives and healthcare management [27] .
Institutional care is more resource-demanding compared with home-based care [11] and for people over 60 years old, moving from an independent to a dependent life situation is a major concern [19] . As a consequence, enabling citizens to be selfsufficient and sustain an independent lifestyle is one preferred strategy to reduce health care costs [5] . Shifting from a disease to a (proactive) individual health management promotes both homebased and preventive healthcare in society [4, 34] . Home-based self-monitoring technologies can be one way to support a continuous independent lifestyle among for example older adults. Home-based self-monitoring of diverse health parameters can also limit the 'white coat'-phenomenon [29] . The 'white-coat'-effect occurs for example when a person shows higher BP values at the hospital due to anxiety of being in a clinical environment, or vice versa (normal readings at the hospital and high values at home). This phenomenon has been identified to be particular evident in the older population, together with specific BP conditions (i.e. isolated systolic hypertension, hypotension, postural and postprandial hypotension, and pseudo hypertension) [29] . The variability of BP and its importance [39] for older adults makes BP a suitable candidate for studying self-monitoring technologies.
The purpose of this study is to explore socio-technical challenges of using preventive self-monitoring technologies. Through a research and innovation consortium [23] , we have investigated the role of home-based preventive self-monitoring technologies with a focus on BP monitoring. The project served to a) gain a better understanding of preventive self-monitoring activities done by Danish citizens (e.g. older adults), b) collect people's concerns and attitudes regarding preventive self-monitoring technologies, c) get an overview of what challenges people have when performing preventive self-monitoring activities, and d) explore and uncover opportunities to facilitate preventive self-monitoring activities.
factors, the role of the doctor for prevention, older adult's use of technology, the home as a distributed information space, and visualization of health data. Then, we propose a set of design opportunities for preventive self-monitoring technologies that can facilitate their integration into older adults' homes and everyday activities.
Before introducing our user studies, we will discuss related research focusing on older adults, non-clinical care management, and preventive self-monitoring technologies.
RELATED WORK
This section describes the aging process, the concept of preventive care, and introduces preventive self-monitoring technologies.
The aging process
The World Health Organization (WHO) states that there is a necessity to "reinvent our assumptions of old age" to promote healthy living [38] . As suggested by Fisk et al. [10] , we acknowledge aging as a process within three dimensions (biological, psychological, and social) and that age is also taskcontext dependent. Fisk et al. also state that chronological age is suitable only as a marker for behavioral changes. Furthermore, Rockwood et al. [31] state that older adults in a clinical setting have different needs regarding the use of healthcare services. Rockwood et al. redefined the concept of frailty as a dynamic model in which the balance between assets (e.g. health, attitudes, resources) and deficits (e.g. illness, disability, dependence) can help to determine people's independence level. Thus, an unstable balance between assets and threating deficits can be used to identify frail older adults [31] . According to their model, a 50 years old adult who might have experienced a severe deterioration of function (biological, psychological, or social) due to for example cancer might fall in the group between healthy and frail older adults. As older adults can experience different healthcare needs [26, 31, 33] , special attention should be given to older adults who fall between the two groups (healthy-frail) as they most likely can benefit from preventive care activities [33] .
Preventive care
Mallery et al. [26] define prevention (in a healthcare context) as any action that "delays disease or slows its progression". Preventive health measures include primary, secondary and tertiary interventions [33] . Primary prevention focuses on decreasing the risk of an illness to appear (i.e. immunizations and health promotion). Secondary prevention focuses on early detection and treatment, especially for asymptomatic diseases (e.g. cancer, hypertension and dementia). Tertiary prevention focuses on rehabilitation to slow deterioration and decrease disability of symptomatic but unreported illnesses by using a comprehensive assessment of function (i.e. physical, psychological and social) [18, 26, 33] .
Kane et al. [18] present four main areas of interventions for preventive strategies: 1) specific conditions or illnesses that result in dysfunction (e.g. cardiovascular diseases, cancer), 2) risk factors that can be categorized as unhealthy behaviors rather than illnesses (e.g. smoking, lack of exercise, unhealthy diet), 3) conditions that require caregivers' interventions (e.g. depression, drug abuse, visual and hearing impairment), and 4) dealing with consequences of caregiving and medical care (e.g. drug side effects, function disability of overprotective environments) [18] . Furthermore, it is important to understand the differences and similarities between prevention and promotion in healthcare [6] . Many health promotion measures (e.g. for older adults) are related to primary or tertiary prevention and aim for behavioral change in older adults at risk or to improve their functional capacity [6, 26] . However, lifestyle changes or preventive care activities (e.g. healthy diet, regular exercise, avoiding alcohol or smoking) might be sufficient for some, but not all, healthy older adults. As older adults are not a homogeneous group, preventive care that aims to modify a risk factor after its effects has been identified might not be effective, especially for frail older adults [18] . An older adult with a diagnosed symptom may need monitoring and an individual assessment, including medication adherence-support, to control a specific condition (e.g. high BP [37] , diastolic dysfunction [36] ) and avoid excessive or insignificant treatment [29] . For example are people over 80 propense to diastolic issues (a lack of arterial-blood oxygen when the heart is relaxed) [36] .
Furthermore, similarities and differences between chronic-illness management and prevention do exist and have been analyzed by Glasgow et al. [13] . They also investigated whether or not the chronic care model (CCM) proposed by Wagner [35] is suitable for prevention. Similarities include: a) ongoing planned care with "proactive follow-up"; b) complexity due to multiple health behavior changes or risk factors; c) illness/reactive care is inadequate; d) active patient involvement is required; e) patient activation tailoring shared decision making with physicians is important. Differences include: a) visits to the doctor for prevention are less frequent than for chronic illnesses; b) patients with chronic illnesses have stronger motivation to change health behaviors; c) patients' care needs are greater for chronic illness care (e.g. medication adherence [7] ); d) prevention often happens outside the medical culture; and e) prevention is less often tracked [13] . Although differences and similarities do exist, Glasgow et al. [13] suggest that an extended version of CCM can be suitable to understand, improve and develop preventive care. Our study recognized these similarities and differences to better understand preventive self-monitoring practices at home.
Preventive self-monitoring technology
In comparison with disease management technology, preventive healthcare technologies have been less studied [4] . However, examples do exists such as Beaudine et al. [3] that use mockups of diverse visualizations to reveal user reactions to home monitoring for proactive health and wellbeing. One of the most common examples about prevention is accident detection (e.g. falls) that has been addressed using sensors and algorithms [9] . Furthermore, self-monitoring of health parameters, as part of primary prevention, has been tightly coupled with health promotion and challenges related to lifestyle and behavior changes [20] . In secondary prevention, the concept of embedded assessment have been introduced by Morris et al. [28] to promote the early detection of health conditions. Early detection should integrate monitoring, compensation, and prevention to provide a value beyond the assessment to address clinical (e.g. infrequent, delayed and limited focus of assessment) and individual (e.g. privacy concerns, complex terminology, self-monitoring devices constraints, fear to diagnosis of diseases) barriers [28] . In addition, tertiary prevention is exemplified by monitoring how often and how well instrumental activities of daily living are performed by aging adults [21] .
However, these technologies might not be enough to support preventive health self-monitoring as this might require: 1) a better understanding of preventive self-monitoring needs [25] , and 2) a proactive activation of people's self-care abilities [13, 35] for prevention to complement the role of the "informed, activated patient" [35] . Based on the related work, we investigated challenges that older adults can experience in day-to-day preventive self-monitoring.
USER STUDIES
The study integrated qualitative studies and a quantitative survey across the following three main steps. First, an initial and exploratory phase to define a relevant target group was conducted using interviews and cultural probes. Second, we selected a specific health parameter of interest (i.e. blood pressure) for our study. We conducted several workshops, semi-structured interviews and blood pressure self-measurement activities in people's homes. Finally, the third step was based on a quantitative study for data verification and further exploration. These three main steps are described in the following subsections.
Defining our target group
An initial qualitative study took place including ten participants (four women, six men) with an average age of 61.8 years (SD 11.95). Since chronological age was not a central issue, participants were selected according to their relation to the Danish healthcare system matching the three levels of preventive health measures (i.e. primary, secondary and tertiary prevention [33] ). Four participants were categorized in the primary prevention group (one healthy without diagnosis and three taking preventive medication and in risk of getting into treatment), three participants were categorized to be in the secondary prevention group (people with chronic diseases that have changed their lifestyle to prevent further deterioration due to the illness), and three participants in the tertiary prevention group (two people in physical therapy after arterial thrombosis and one previous cancer patient). Participants were interviewed regarding their motivation in relation to the knowledge they had of their current health status, their health data sharing needs, what motivates them to change behavior, their use of self-monitoring technologies at home, and their experience regarding self-monitoring technology being perceived as beneficial or not. Additional material (photos taken by the participants using disposable cameras) was collected as probes.
Exploring challenges
Based on knowledge from the previous step, we decided to focus on people that are motivated to maintain an existing healthy condition and avoid the decay or the onset of illness, i.e. prevent fragility. We then recruited a new group of participants from a local activity center. The participants were ten active older adults and perceived themselves to be rather 'healthy'. They were between 65 and 84 years old. At the activity center our work extended into a user-involved design process including interviews and workshops together with the older adults. We investigated challenges and attitudes towards the preventive action of blood pressure self-monitoring. We selected BP for analysis of selfmonitoring due to its complexity (number of instructions to follow in order to perform a valid measurement), importance (relationship with other risk factors in the Danish context), and its availability (e.g. presence of blood pressure devices at older adult's homes) identified through the initial photography probes. In addition, a nurse was engaged in the project and participated in the first workshop. Two of the participants left the project after the first workshop due to the detection of high BP. All sessions were recorded and took place at the activity center. In the following subsections, we will describe the workshop activities followed by their results in the next section.
Understanding self-monitoring activities
An early goal for the project team was to get a better understanding of self-monitoring activities and its importance regarding older adult's own health status. The workshop participants received an introduction to BP (causes, symptoms, consequences, actions to control BP) and how to measure it by the nurse affiliated with the project. During the workshop participants were asked to take their own BP (see Figure 1a ) and they all engaged in the activity using a digital BP device. A group discussion was performed during and after each activity. Findings from the first workshop indicated that the complexity of the BP rules challenged self-monitoring activities.
Understanding older adults' routines
A second workshop was conducted after two weeks. We employed a modified version of the Day Reconstruction Method (DRM) [17] to further investigated older adults' daily routines. We applied our modified DRM to explore difficulties and possibilities in integrating BP measurement activities in everyday routines.
As part of the workshop, participants engaged in a drawing and reflection activity regarding their homes and daily routines (see Figure 1b) . In detail, the workshop participants were asked to: a) draw a sketch of their homes (see an example in Figure 2a) , b) list their activities before they leave home (in the morning or when they consider their morning to be concluded) and after they arrive home (in the afternoon, or when they perceive that they started their 'evening' activities), c) order the activities using numbers on the drawing. One researcher gave an example of how to draw the sketch of the home and how to list the activities before the drawing activity started. One senior needed assistance from a researcher to conduct the task. After the activity, participants shared their sketches and routines. This was followed by a group discussion about the possibilities and implications of using selfmonitoring technologies across their daily activities .
Figure 3. Examples of visualizations using: (a) icons for overview; (b) bar graphs for overview; (c) line graphs for overview; (d) icons for details; (e) text for details; (f) speedometer for details; and (g) bars with encoded colors.

Performing a self-measurement task
Findings from the second workshop revealed differences between older adults' morning and evening routines. In general, the evening routines were less homogeneous and stable due to an active lifestyle. Therefore, we further investigated how older adults could perform self-monitoring activities at home and the participants were requested to perform BP self-measurements until the next workshop.
The participants were provided digital BP devices and were asked to measure and register their own BP for at least three days (mornings and evenings) in a row during a one week period (as suggested by the nurse and according to existing guidelines on how to perform a correct BP measurement at home) [30] . These guidelines (e.g. do not smoke, drink coffee, eat or consume alcohol half hour before the measurement) were given verbally and on a paper to the participants. The participants also received a paper-based template where to register and log their BP values. The template included fields such as date, time, higher value (systolic pressure), lower value (diastolic pressure), pulse and a space for additional comments i.e. which arm they used to take the BP (see Figure 2b ).
Validation and Interpretation of BP values
To share their experiences regarding self-monitoring and to validate the previous findings, the workshop participants were invited to a third workshop. At the workshop, the participants presented the collected BP information, the BP rules they had applied and difficulties during the task.
Next, we investigated what and how BP information can be presented to older adults in an understandable way. The participants were given eight different color image-pairs, combining weekly and daily measurement overviews to elicit feedback regarding visualizing data from self-monitoring technologies as suggested by [3] . Examples of these weekly and daily overviews are illustrated in Figure 3 . For example, the weekly BP overviews were represented in three different formats using: 1) encoded charts with icons, circles, starts and squares without specifying an exact value (see Figure 3a) ; 2) vertical and horizontal bars (see Figure 3b) ; and 3) line charts (see Figure 3c) .
Furthermore, the daily overviews were represented by four different formats using: 1) icons to represent a specific BP values (see Figure 3d) ; 2) text values of BP (see Figure 3e) ; 3) speedometers visualizing BP values (see Figure 3f) ; and 4) encoded charts using BP values (see Figure 3g ). These weekly and daily visualizations were combined and one pair was shown at the time. The participants commented and gave feedback on the presented visualizations. Finally, the participants engaged in a group discussion about how to visualize and facilitate interpretation of health data for citizens that have no previous knowledge of medical data.
Quantitative study
The workshops provided a deeper understanding of the challenges related to self-monitoring activities, especially for independently living older adults that like to prevent fragility. However, we wanted to include a broader population to further explore selfmonitoring activities and the workshop results. We developed a quantitative study (a Danish web-survey) that touched upon the same questions as the initial qualitative study. The survey also included questions regarding current health status (e.g. any chronic disease) and personal information (e.g. age, gender, location). We received 191 responses to the survey, but only 165 were completed and considered in our analysis. Participants were adults between 22 -83 years old.
CHALLENGES OF PREVENTIVE SELF-MONITORING
In our quantitative survey, 131 respondents (out of 165) do not have any chronic disease and 86 of these participants own a health self-monitoring device. This indicates that people without any chronic condition are interested in their own health, keeping a desire 'to stay young' as long as possible. In the study, nine themes emerged from a combination of the most relevant topics and discussions sprung out of from the workshops and other user activities (inductive) and the most relevant issues regarding selfmonitoring (e.g. lack of contextual information, privacy issues, difficulties understanding clinical terminology, attitudes and perceptions of people about self-monitoring, and problems with measuring devices [1, 28, 30, 34] ) from the literature (deductive).
The nine themes related to home-based self-monitoring were: 1) rule complexity, 2) reliability of the measurements, 3) interpretation, understanding and health awareness, 4) the sharing activity for prevention, 5) motivational sources, 6) the role of the doctor for prevention, 7) the use of self-monitoring technology, 8) the home as a distributed information space, and 9) visualization of BP values. We now present the nine challenges that emerged from our study and how to support a successful integration of preventive BP self-monitoring in everyday life.
Rule complexity
The first challenge for preventive BP self-monitoring is rule complexity. Rule complexity relates to the rules a person must adhere to guarantee a valid (BP) measurement. For example should one sit and rest for 5 minutes before taking the BP. Our workshop participants mentioned several difficulties in measuring BP in accordance with the established rules. A challenge was that they did not (perceive to) have enough time to correctly take a measurement (and hence apply to the rules of rest before a BP measurement or other time-constraining rules such as not eating, drinking or smoking 30 minutes before the measurement). Indeed, older adults may have other activities than self-monitoring to attend during the day.
When examining the self-documented data from the monitoring activity at home, it was clear that all participants performed their morning BP measurements. However, some participants experienced difficulties integrating the evening measurements into their lives and hence omitted the evening measurements. Thus, developing and adjusting routines to suit the BP rules was complicated during the evening due to for example an active lifestyle. Indeed, a male participant with a very active social live could not find the time to carry out the preventive measurement task for three days (2 measurements a day) in a row (this configuration was suggested by the project nurse). He said "I cannot do it this week [looking at his agenda], maybe next week I can try…". Analyzing the drawings the workshop participants made of their homes and the herein situated activities confirmed the characteristics of morning and evening measurements. We found in general that the morning routines were more established than the evening routines, as they appeared more stable and were easy to recall for the participants.
Reliability of the measurements
This challenge concerns the reliability of measurements taken by laypeople in their homes. Due to for example rule-complexity in conducting valid home-based measurements and the lack of contextual information during the measurements, the reliability of the measures can be compromised. For instance, the participants had to take more than one BP measurement to assure and verify their measurements. Four of the participants performed the measurement two or three times in a row on either one or both arms (this being contextual information). Even though we asked them to write down such contextual information (e.g. if they have rested, talked or smoked before or during the measurement) that can indicate non-adherence to the rules, the only information they wrote down was about which arm the measurement was from. When the contextual information is missing or misleading, readings can show an erroneous value, without being explained why, that might not reflect the current condition. For example, the readings might show hypertension stage one, but this could be related to missing information (e.g. the participant did not follow the guidelines and did not report the rule non-adherence) around the measurement. We also observed that measurements could be unintentionally done in a non-correct fashion, for example due to a misplaced cuff on the arm. We additional found possible misreporting due to handwriting mistakes or a non-functional device.
Interpretation, understanding and health awareness
People should not only become aware and understand the consequences of unintentional mistakes or misreporting that can compromise the reliability of the measurements. They should be able to interpret and understand the meaning and consequences of the measurements. From the initial qualitative study, a participant said "the weight scale shows too much. Could my weight be a side effect to the pills? I can feel and see that I have gained weight". From our workshop activities it became clear that the participants were well aware of, and understood, the importance of lowering their BP if they were measured with a high BP. However, how to lower the BP was less understood and the participants were interested in knowing more about how they could decrease their BP value.
In general, participants could use the BP measuring device provided by us after a limited initial training. However, moving from a correct device usage to a proper understanding of the measurements (i.e. the numeric values of the BP) was more challenging. While the participants managed to take a proper measurement, they failed to understand, or interpret, the acquired values. For instance, half of the participants had their BP value over the normal level when they did their first measurement and hence the nurse asked them to repeat the measurement on the opposite arm to compare the BP values. The nurse suggested that the lower value (taken from either of the two arms) should be considered as the reference point for future measurements. The nurse stated that a higher value in a specific arm is due to an obstruction of the arteries in the side of that arm. The nurse played an important role explaining the meaning of the values in each arm and the importance of taking the measure at least twice a day (morning and evening) three days in a row.
When reporting the BP measurements using the provided paperbased templates, participants use symbols (e.g. lines and '+'-signs) to group them and identify values within the normal BP range. The participants also took additional readings from both arms to compare and understand the BP values and hence support the interpretation. Furthermore, an understanding of their current health situation can support older adults in getting a sense of health awareness towards maintaining or achieving a better health status. A participant from our qualitative study stated "For many years I forgot about exercise. 5-6 years ago I had a case of slipped discs. I have avoided surgery with the help of painkillers and exercise". Thus, an interpretation and understanding of the current health situation can help older adults to achieve better health outcomes. In general, we confirmed that high blood pressure is indeed a non-communicable disease as people may not be aware that they have a high BP. As previously stated, two participants left the project after becoming aware of their high BP.
The sharing activity for prevention
The workshop participants all had concerns about sharing illnessrelated information and performing measurement-activities outside the household. It was for example not acceptable to perform BP measurements at a friend's house or at a restaurant, not even if they went to a more private space such as the restroom. It should be noted that the measurements were related to preventive monitoring, rather than monitoring of an identified illness. This can have, as a minimum, two effects: 1) the older adults did not feel that it was a matter of "life or death" if they did or did not perform the BP measurement, and 2) they did not like to deal with health-related issues (preventive care) if their activities (planned or not) could be miss-understood as illnessrelated. This was confirmed by the qualitative study. For example did one participant state "I'm not interested in coming off as being sick, because I'm not". In general the respondents from the quantitative study were not willing to share their own health information and preferred to not involve others in their health management. However, 63% of participants mentioned that they would like to share their data with their physicians if needed. In contrast, some participants from the qualitative study shared the interpretation task with someone from the immediate family, for example a spouse, to add a confirmation step and see if the measurement was correctly taken.
Motivational sources
When the workshop participants understood the importance of BP measurements, they further asked questions and showed more interest in our activities. In the project, we identified three main motivational sources. The first one came from the individuals and their feelings of independence. A participant from the qualitative study expressed "To have to be dependent on others###I don't like that. I would rather be able to do it myself." In particular, the older adults in the qualitative study expressed major concerns regarding the feeling of being independent. A participant said, "It is hard to have to depend on others, and to continue to do so".
The second motivational source derives from social relationships and a general interest in health. For instance, the qualitative study participants mentioned reasons for why to engage in preventive self-monitoring. A female participant said that (she and her companion) would like to continue to be able to take care of their grandchildren, love each other and live their lives. In the quantitative study, 42 participants had acquired a self-monitoring device due to a general interest in their own health.
The third motivational source came from the performance of daily activities. Participants expressed a desire to continue being able to do the things they normally do and remain in their homes as long 
The role of the doctor for prevention
The quantitative study shows that 75% of the participants that use self-monitoring devices for prevention would like to use them as a supplement of the existing health services (e.g. counseling, doctor visits, etc.). But only 60% would use them as a substitute. Older adults are more reluctant to replace primary healthcare with selfmonitoring technology. However, the study shows that older adults are willing to acquire new self-monitoring technologies to maintain or improve their health, but only after the technology has been out on the market (22% of the older respondents) for a while and been tested on beforehand (30% of the older respondents).
During preventive care activities, the role of the doctor can take a more advisory function. The study showed that participants did not consider involving the doctor unless they are really sick or their measured values are not within the normal range. 
The use of self-monitoring technology
The workshop participants had a rather general understanding of technology. They all had mobile phones and modern household appliances. They were to some extent interested in computers, as they all followed a beginner's computer class at the activity center where we arranged the workshops. The participants (except from one, that later withdraw from the project) did not have previous experience using a BP measurement device at home. However, they could all use the digital, off-the-shelf BP measurement device after its introduction.
From the quantitative studies, we could see that health-monitoring technologies have presence in people's homes. Heart rate, BP monitors and pedometers were the most frequently available devices among the 131 respondents without chronic conditions. Furthermore, they would prefer to automatically measure: 1) physiological parameters such as weigh and blood pressure (89), 2) their diet (74), 3) wellbeing parameters such as depression, stress, etc. (44), 4) cognitive functions such as memory, analytical skills, etc. (43). 24 participants replied that they would not like to measure any health data about themselves.
Regarding older adults, participants would prefer to automatically measure physiological parameters (47), diet (24) , wellbeing (18), cognitive functions (21) and 12 older participants replied that they would not like to measure any health data about themselves.
In addition, BP devices were also found in people's homes during the initial qualitative study through the collection of cultural probes. This confirmed our selection of BP as the main health parameter for this study.
The home as a distributed information space
When the project participants draw sketches of their homes, it was possible to observe how the older adults visualized and communicated their routines. After analyzing the drawings, four similarities emerged: 1) there are common places for specific routines among the participants (e.g. brushing the teeth or hair happens in the bathroom), 2) morning routines are more established than evening routines (as explained above), 3) activities can occur in one or more places (e.g. reading the newspaper), and 4) more than one activity can take place at the same time (e.g. eating breakfast and reading the newspaper).
Visualization of BP values
Our workshops revealed that older adults have some difficulties understanding BP readings. Even though they could perform the measurements, they experienced difficulties interpreting the resulting values (as described above). Thus, we explored different ways to enhance their understanding of BP data using mockups visualizations.
In this activity, we explored two levels of information, the weekly overview and the detailed view of measured values from the current day as illustrated in Figure 3 .
Weekly overview
First, participants found the visual encoding of the charts useful. They used it as an indicator of the meaning of the different BP values such as low, normal, borderline, high, and very high (see Figure 3a) . A workshop participant expressed "it is simple and easy to understand…". However, they felt that the charts were not precise when the BP values are not shown and they would like a combination with the line charts (see Figure 3c ).
Second, participants found the simplicity of the line chart useful. However, some participants did not find the dots in the curve as relevant. For example, one participant commented, "… maybe you can add the smile-faces on the curve". This presupposes that people might need to know the different meaning of the smilefaces if they are associated to the home-based measurements.
Third, participants agreed about a simple way to see the actual value of the measurement through the bar graphs (see Figure 3b) . However, they did not understand the meaning of the values and suggested that the pillars could relate or have indicators or some mechanisms to present the meaning of the value.
Daily details
First, participants found the icons useful but also indicated some problems with the iconic data representation (see Figure 3d) . A workshop participant expressed "It is simple, appealing and funny, and it is easy to understand but not precise".
Second, participants relied on text values as they allowed them to simply extract and see the actual measurement-value (see Figure  3e ).
Third, some found the speedometer useful (see Figure 3f) saying that it is 'kind of' ok since the blood pressure is like a speedometer. One participant said "it [blood pressure] goes up and down". However, they also agreed that in some cases a speedometer might not be precise.
Finally the participants found the color indicators of the encoded bars -"red-toned bars" useful and perceived them as a good strategy to show the daily measurements. A participant said, "The idea of the daily overview is kind of ok" (see Figure 3g ).
DESIGN OPPORTUNITIES FOR PREVENTIVE BLOOD PRESSURE SELF-MONITORING
The findings indicate that current (BP) self-monitoring technology cannot fully support the needs of preventive self-monitoring in practice. The complexity of the rules that should be followed to guarantee valid BP measurements and the lack of contextual information may for example compromise the reliability of the measurements. Even though participants were able to take the (morning) measurements in a complex distributed information space such as the home, they failed to interpret and understand their measurements.
In this section, we discuss design opportunities for home-based self-monitoring that aim to enhance people's abilities for self-care and promote preventive self-monitoring activities at home.
Rethinking preventive self-monitoring of health parameters towards a positive experience
Most monitoring devices have been designed taking the clinician's perspectives into account to help people, including older adults, to monitor health parameters to gain control and/or prevent illness and disabilities [28] . However, current monitoring devices have, to a large degree, neglected personal perceptions and the motivation that make people control their health and wellbeing. Exploring the social aspects of people's everyday life can increase motivation to perform self-monitoring (e.g. RunWithUs [12] ). As described earlier, there are different motivational sources that people have that go beyond the actual self-measuring activity. Older adults want to be independent as long as possible and continue with the activities they are used to, stay longer in their own place, etc. The social environment is really important, as older adults want to stay active and be able to visit friends, attend the activity center, travel or take care of their grandchildren. To not consider older adults' motivational factors might negatively influence the use of preventive self-monitoring in everyday life. Most of the participants considered preventive self-measurements as an individual activity that should be performed at home and not in a social environment. The participants feared they might be perceived as ill when they are not.
Furthermore, the complexity of the rules associated with biomeasurements turns the preventive self-measurement tasks into a complex endeavor that interfere with everyday activities. Hence, considering the peculiar characteristics of preventive selfmonitoring, there is a need to provide older adults and society in general with a positive experience regarding self-measurement activities. Creating a positive experience may imply rethinking preventive self-monitoring as a tool that can allow people to achieve their personal goals driven by their own motivation. A positive experience associated with the use of preventive selfmonitoring technology can facilitate a better integration with older adults' daily routines. This integration might facilitate older adults' participation in self-care activities and should be considered from the beginning of the design process [14] . Indeed, as Bannon [2] proposed more than 20 years ago, we should consider humans as actors and not factors.
In society, a positive experience might increase the sharing of health information with close family members and friends as monitoring can be seen, for example, as a wellness activity thus avoiding stigmatization.
Supporting the active and informed citizen
In order to support the active and informed citizen while performing BP self-monitoring at home, healthcare technology designers should (re) consider the role of older adults as proactive people [32] . Furthermore, a proper understanding of why people follow a health intervention (e.g. using prescribed medication or doing self-monitoring) is needed not only to enhance the individual health awareness but also to facilitate its integration in people's everyday life [7] . As stated in this paper, older adults want to interpret, understand and get meaning from the measurements in relation to their current health status. Thus, selfmonitoring can support this learning activity [8] . In doing so, the role of the doctor is shaped to support this interpretation process (as preferred for some of our participants) or to confirm their personal interpretation and understanding of the current health situation. To facilitate the interpretation and understanding of health data, visualization techniques can be used to provide older adults with the needed information at hand to improve health awareness [22] . For instance, our visualization activity reported that older adults rely on text values rather than icons. They want to know the exact values even if they do not understand their meaning. The workshop participants valued the visualizations as they gave both an overview and details of BP data (see Figure 3g ).
By showing a combination of charts and a color scheme representing BP levels (low, normal, borderline, high, very high) visualizations complement and enrich the actual BP value on the monitoring device. A graphical interface that combine encoded and line charts (as suggested by participants) can provide a clear overview embedding temporal dimension (logging and sense making of BP data) to support older adults self-reflection processes.
Furthermore, the lack of contextual information inherent to the monitoring devices provides opportunities for Ubicomp and context-aware technologies to support self-monitoring practices of health data in and out of a complex distributed information space not only for chronic care [15] but also for preventive care. Selfmonitoring technology for preventive care should provide the opportunity for older (and younger) adults to enter into a reflection process, regarding their health data and help them to take action on their own (current and future) health situation. Existing efforts on guidelines for data collection towards supporting self-reflection [24] of personal information are not yet reflected or available in self-monitoring devices at older adult's homes. We suggest that a simple tagging functionality of contextual information (e.g. whether the measurement was taken before or after the breakfast or if the person has been drinking alcohol or coffee before the measurement) can help older adults to reflect and understand the dynamic nature of their measurements. The tagging functionality can also serve as a tool for validation of the reliability of the measured data and to enhance the user's health awareness of their current health situation. Thus, using visualization and tagging techniques can facilitate the interpretation of health data and support the active informed citizen to learn about their own health.
All these aforementioned opportunities can support older adults' health education and self-learning activities regarding preventive care.
CONCLUSION
In this paper, we have explored preventive self-monitoring activities in non-clinical settings for older adults. The study has focused primarily on BP measurements, but some of the herein presented findings may be applicable to other bio-monitoring scenarios. However, this should be further studied and understood as people might use diverse self-monitoring technologies for prevention.
Successful home-based, preventive health monitoring can be highly beneficial for both the individual and society. However, our study reveals a number of challenges that can lower the positive impact of these measurements, or even making them impossible. An example challenge is how to achieve a successful integration of the guidelines into an individual's daily routines. If a successful integration can be made, opportunities such as a better understanding of what life-situations affects the body both positively and negatively can be obtained.
To support a successful integration of health self-monitoring (e.g. blood pressure) into older adults everyday lives one have to consider the individual motivational factors, the home as a distributed information space, and how health information are presented. For our participants, a precise representation of the BPvalues was of outmost importance to facilitate the interpretation and understanding of ones' health.
The findings from our study call for rethinking preventive selfmonitoring of BP (and possibly other health parameters) to generate a positive user-experience by considering older adults' perspectives, needs and desires. One way to provide this positive experience is by supporting the active and informed citizen in order to improve older adults' health awareness while supporting their independence at home. These opportunities may be transferrable to other age groups, as more people are becoming aware and starting preventive care activities before they get older.
